A Gram-staining-negative, rod-shaped, non-spore-forming bacterium, designated strain E103 T , was isolated from the skin of the medical leech Hirudo verbana. 16S rRNA gene sequence analysis showed that the isolate was closely related to species of the genus Castellaniella. Castellaniella ginsengisoli DCY36
In 2006, the genus Castellaniella was proposed (Kämpfer et al., 2006) for Gram-negative organisms characterized by short motile rods with a facultatively anaerobic and denitrifying metabolism. All species described so far contain ubiquinone Q-8 as the major quinone, phosphatidylethanolamine and phosphatidylglycerol as the major polar lipids and C 16 : 0 , C 16 : 1 v7c and C 17 : 0 cyclo as the major fatty acids. The proposal of this genus with the type species Castellaniella defragrans (Kämpfer et al., 2006) was a consequence of the reclassification of the Alcaligenes defragrans (Foss et al., 1998) , which showed striking differences to the species assigned to the genus Alcaligenes sensu stricto. Four other members of the genus, Castellaniella denitrificans (Kämpfer et al., 2006) , Castellaniella caeni (Liu et al., 2008) , Castellaniella ginsengisoli (Kim et al., 2009) and Castellaniella daejeonensis (Lee et al. 2010) , have subsequently been described.
Strain E103
T was isolated from the skin of a two to fourday-old medical leech Hirudo verbana from the Leech Breeding Farm in Biebertal, Germany. Bacteria were detached from the surface of the leech by shaking the leech in 5 ml sterile 0.9 % (w/v) NaCl. A 10-fold dilution series was prepared in 0.9 % NaCl and 100 ml aliquots were plated on R2A agar (Oxoid). Strain E103 T was isolated from the 10 23 dilution plate after incubation at 25 u C for 48 h and was maintained on R2A agar. Cultivation for further analysis was done on tryptone soy agar (TSA; Oxoid) at 28 u C.
Gram-staining of cells was performed as described by the modified Hucker method according to Gerhardt et al. (1994) . Catalase activity was tested by bubble formation after covering a colony with 3 % H 2 O 2 . Cytochrome oxidase activity was determined with the Microbiology Bactident oxidase test (Merck). Cell morphology was observed under a Zeiss light microscope at 61000 magnification, with cells grown for 3 days at 28 u C on TSA.
For phylogenetic analysis, genomic DNA was extracted with the GenElute Plant Genomic DNA kit (Sigma). The nearly full-length 16S rRNA gene was amplified with the universal primers 27f and 1492r (Lane, 1991) , purified with a PCR purification kit (Qiagen) and sequenced by the Dideoxy method with the same primers. Detailed phylogenetic analysis was performed in ARB software package, release 5.2 (Ludwig et al., 2004) using the All-Species Living Tree Project (Yarza et al., 2008) database, release LTPs106 (August 2011). Sequences not included in the database were aligned with SINA version 1.2.9 according to the SILVA seed alignment (http://www.arb-silva.de; Pruesse et al., 2007) and implemented in the ARB database. The alignment was controlled manually based on secondary structure information. Sequence similarities were calculated in ARB without the use of an evolutionary substitution model. Phylogenetic trees were constructed with the maximum-likelihood method using RAxML version 7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, the neighbour-joining method with the Jukes-Cantor correction (Jukes & Cantor, 1969) and the maximum-parsimony method using DNAPARS version 3.6 (Felsenstein, 2005) . All phylogenetic trees were calculated with 100 resamplings (bootstrap analysis, Felsenstein, 1985) and were based on 16S rRNA gene sequences between positions 80 to 1421 (Escherichia coli numbering; Brosius et al., 1978) .
The sequenced 16S rRNA gene was a continuous stretch of 1368 unambiguous nucleotides (positions 76-1443). Strain E103 T shared 97.5-98.4 % 16S rRNA gene sequence similarity with type strains of species of the genus Castellaniella, with C. ginsengisoli DCY36 T being the closest relative (98.4 %), followed by C. denitrificans NKNTAU T and C. daejeonensis MJ06 T (both 97.8 %) and C. caeni Ho-11 T (97.5 %). 16S rRNA gene sequence similarity with type strains of species of other genera of the family Alcaligenaceae was ¡95.4 %. The phylogenetic analysis clearly showed the placement of strain E103 T in the monophyletic genus Castellaniella (Fig. 1) . Within the genus, strain E103
T formed a distinct cluster with C. ginsengisoli DCY36 T and C. caeni Ho-11
The results were confirmed by all treeing methods used for analysis, as indicated in Fig. 1 .
For production of biomass for analysis of the quinone system and the polar lipids, strain E103
T was grown for 48 h in tryptic soy broth at 28 u C. Respiratory quinones were extracted by the method of Collins et al. (1977) and analysed by HPLC as described by Groth et al. (1996) . The quinone system of strain E103
T consisted of ubiquinone Q-8, which is in agreement with the affiliation of the isolate with the class Betaproteobacteria and the description of the genus Castellaniella (Kämpfer et al., 2006) . Polar lipids were extracted by the method of Minnikin et al. (1979) and identified by two-dimensional TLC as described by Collins & Jones (1980) . Strain E103
T exhibited a complex polar lipid profile containing a predominance of phosphatidylethanolamine and moderate amounts of phosphatidylglycerol, phosphatidylserine and one unknown aminolipid. Minor amounts of diphosphatidylglycerol, one unknown phospholipid and four unknown lipids were also detected (Fig. 2) . This polar lipid profile is similar to those of earlier described species of the genus Castellaniella, but the detection of only a trace amount of diphosphatidylglycerol differentiates strain E103
T from other recognised members of the genus.
Biomass for polyamine analysis was grown in PYE medium (0.3 % peptone from casein, 0.3 % yeast extract; pH 7.2) at 28 u C and harvested at the late exponential growth phase. Polyamines were extracted from freeze-dried cells as described by Busse & Auling (1988) and analysed by HPLC as reported by Stolz et al. (2005) Fatty acid analysis was performed according to the method described by Kämpfer & Kroppenstedt (1996) . Cells of all strains under comparison were harvested after 48 h growth on TSA in the same growth phase. Because colony development of the type strains of the most closely related species were very similar, it was assumed that strains were in comparable growth phases. The fatty acid compositions of all strains are shown in Table 1 (identified with the Sherlock version 2.11, TSBA40 database revision 4.1). No pronounced qualitative differences in the fatty acid compositions were found between the strains but quantitative differences could be observed. Strain E103 T and the reference strains all contained C 17 : 0 cyclo, C 16 : 0 and summed feature 4 (C 16 : 1 v7c and/or iso-C 15 : 0 2-OH) as major components. Strain E103
T contained a high amount of C 17 : 0 cyclo in comparison with the reference strains ( Table 1) .
The results of the physiological characterization are given in the species description. Characters that differentiate strain E103
T from the reference strains, using previously described methods (Kämpfer et al., 1991) , are given in Table 2 . Mainly organic acids could be used as sole sources of carbon.
DNA-DNA hybridization values between strain E103
T and members of the genus Castellaniella were determined using the method described by Ziemke et al. (1998) . Strain E103 T exhibited DNA-DNA hybridization values of 23 % (reciprocal 18 %) with C. ginsengisoli KCTC 22398 T , 20 % (26 %) with C. daejeonensis KCTC 22454
T , 11 % (58 %) with C.
denitrificans DSM 11046 T and 13 % (12 %) with C. caeni KCTC 12197 T . The relatively high discrepancy between the reciprocal analysis with C. denitrificans DSM 11046 T may be due to different genome sizes or the presence of several copies of the genome during analyses.
These results clearly show that strain E103
T exhibits genotypic differences to the type strains of established species in the genus Castellaniella. On the basis of the characterization presented here, we describe a novel species, for which the name Castellaniella hirudinis is proposed.
Description of Castellaniella hirudinis sp. nov.
Castellaniella hirudinis. (hi.ru9di.nis. L. n. hirudo -inis a leech, N.L. gen. n. hirudinis of a leech). and 2 were taken from this study or Lee et al. (2010) (data in parentheses), for taxa 3, 4 and 6 from Liu et al. (2008) and for taxa 5 from Kim et al. (2009) . All the data were based on results obtained with the same methods, including culture conditions used for growth of all strains prior to fatty acid analysis (TSA, 30 u C, 48 h). Values are percentages of total fatty acids. 2, not detected.
Fatty acid (%) 1 2* 3 4 5D 6
C 12 : 0 aldehyde 2 2 1.0 0.9 2 1.0 C 12 : 0 5.7 6.6 (9.2) 7.8 5.7 5.9 6.9 C 14 : 0 1. 
The type strain, E103 T (5CCUG 62394 T 5LMG 26910 T ), was isolated from the skin of the medical leech Foss et al. (1998) . DData is in agreement with Lee et al. (2010) .
Hirudo verbana, in the Leech Breeding Station, Biebertal, Germany.
